Neuroimaging studies in patients with metabolic syndrome (MetS) have not been clear about the specifi city of the observed structural brain abnormalities compared with studies in diabetic patients. It is assumed that MetS leads to silent brain infarcts mainly due to arterial hypertension and diabetes or impaired glucose tolerance. 1 In the Framingham Offspring Study, brain atrophy has been described in patients with prediabetic condition with signifi cant cognitive impairment. 2 The presence of neuroendocrine disorders in the pathogenesis of MetS is not completely clarifi ed. Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis was reported to cause the axis hyperactivity. 3 There was а dose-dependent relationship between chronically increased cortisol levels and number of MetS components. 4 Visceral adiposity is one of the hallmarks of MetS: obese patients were found to have increased activity of enzymes converting glucocorticoids into active forms (functional hypercorticism). 5 Some studies have found negative association between cortisol levels in plasma and saliva and the volume of the hippocampus. 6 High levels of salivary cortisol are associated with thinning of the cortex in the prefrontal area in healthy men, but not in women. 7 Cortisol levels negatively correlate with cortical areas in the left anterior cingulate gyrus, the right lateral orbitofrontal cortex and the right rostral middle frontal gyrus. 8 The aim of the study was to investigate an association between morphometric brain parameters from structural magnetic resonance imaging (MRI) (cortical thickness) with MetS components and salivary cortisol levels in middle-aged Bulgarian patients with MetS.
MATERIALS AND METHODS
We examined 26 healthy, nondepressed, nondemented, community-dwelling, right-handed, unpaid volunteers, aged 44-56 (50.16 ±3.1) years, from the Plovdiv region. Exclusion criteria were: previous cardiovascular or cerebrovascular accident, endocrine diseases (except for type 2 diabetes mellitus), epilepsy, demyelinating or neurodegenerative diseases, acute or chronic polyneuropathy (except for diabetic polyneuropathy), sleep apnea, previous neuroinfection or traumatic brain injury. All participants were employed full-time (100%). The subjects provided written informed consent after discussion and the protocol was approved by the Local Health Ethics Committee.
We divided participants into two groups depending on whether or not they fulfi lled the criteria for MetS as defi ned by the criteria of International Diabetic Federation: group I (control group) consisted of 12 persons, not meeting all criteria, but fulfi lling 1 or 2 of the MetS criteria, and group II -14 persons, diagnosed with MetS (at least 3 components of MetS). 9 Participants underwent health examination consisting of anthropometric measurements, blood pressure measurement, and questions regarding drug use and medical history over the last 5 years. All patients were tested at the Department of Neurology, St. George University Hospital, Plovdiv, Zynwest laboratory, Rusev Laboratory for Imaging Diagnostics and Complex for translational neuroscience, Medical University of Plovdiv.
All participants were instructed to sample saliva during 1 day at 8:00 AM and 23:00 PM. Participants were instructed not to eat, brush their teeth, or smoke 1 hour before sampling and to store their saliva in the refrigerator for up to 1 day before handling it over to the research staff (nonstimulated salivary secretion). Saliva samples were frozen at -20°С until testing. They were thawed prior to testing at room temperature, then centrifuged at 3000xG for 10 minutes. For salivary cortisol assessment were used 100 μl of the supernatant saliva. Testing was done using ELISA method with reactive kits from DRG, GMBH, Germany on a Sirio S Microplate reader, SEAC, Italy.
Structural MRI study was done on a MAGNETOM Aera Siemens -Еrlangen, Germany 1.5Т. Images were obtained using T1 MPRAGE 3D sequence (acquisition matrix 232/256, slice thickness 0.9 mm, 192 slices, voxel size Т 0.9 mm, ТЕ 4,28 ТR 1620 FoV 240*265, TI 918). The quality of the images and the presence of any pathologic lesions that could compromise the study were assessed by an experienced radiologist. Automatic postprocessing of the brain images was performed using FreeSurfer version 5.3 (http://freesurfer.net/fswiki/FreeSurferWiki). The software was installed on the recommended OS (CentOS 6.7). All processing of the data was done on the same hardware (HP Z420 XEON E5-1620. 16 GB RAM, Quadro K2000), in order to avoid any differences that could ensue from using different hardware and/or software. 10 The post processing is surface-based method, which allows for calculating the cortical thickness. 11 This processing consisted of several steps: removal of non-brain tissue, segmenting the subcortical grey and white matter, Tailarach transformation, intensity normalization, tessellation of the boundary between gray and white matter. [12] [13] [14] The brain cortex was parcelated into gyral-based regions, according to Desikan atlas. 15 
STATISTICAL ANALYSIS
Normality of the data was tested with the ShapiroWilk test. Comparison of the groups was done using t-test or the Mann-Whitney test. Comparison of brain morphometric data between the two groups was done using the statistical module for whole brain analysis QDEC, part of FreeSurfer. Minimal signifi cance level was set to p<0.01. Monte-Carlo simulation (10 000 iterations, signifi cance level p<0.05) was performed as routine procedure.
Average cortical thickness from several brain regions were exported for further analysis with SPSS for partial correlation analysis. These regions of interests (ROIs) were defi ned after Desikan atlas and were from: prefrontal cortex (superior frontal, rostral and caudal middle frontal gyri, pars opercularis, pars triangularis, and pars orbitalis, lateral and medial orbitofrontal areas and frontal pole), temporal cortex (superior, middle, and inferior temporal gyri, fusiform gyrus, transverse temporal gyrus, entorhinal, temporal pole and parahippocampal area) and from cingulate cortex (rostral, caudal, posterior cingulate cortex and isthmus). 15 Additionally, we calculated medial temporal lobe (MTL) cortical thickness, averaging the thickness from entorhinal, fusiform and parahippocampal areas. 16 All morphometric data was analyzed accounting for gender. All cortisol correlation and regression analysis were additionally controlled for waist circumference, as obesity was shown to be associated with dysregulation of cortisol secretion. 17 In two patients extreme outliers for morning and evening cortisol levels were found and these were truncated to the nearest 3SD value, so that they not exert disproportionate infl uence on analysis. The body mass index (BMI) and waist circumference had skewed distribution and were normalized by logarithmic or square root transformation, as appropriate. All analysis were run on the transformed data.
In this pilot study neuroimaging data from 26 individuals were included in the analysis. All analyses were performed blind to all other patients' data. We investigated for differences between the two groups and second, we analyzed the association between the salivary cortisol, some cerebrovascular risk factors and the cortical thickness.
RESULTS

DEMOGRAPHIC DATA
The control group consisted of 12 females; in the MetS group there were 6 men and 8 women; there were no signifi cant gender-based differences in age, level of education, or MoCA results. No differences were found in diastolic blood pressure and cholesterol levels among the two groups. As expected, signifi cant differences were found for weight, waistline, BMI, systolic blood pressure, levels of HDL, triglycerides (TGL) and glucose ( Table 1 ) that were higher in the MetS group, except for HDL, which were lower in the MetS group. Cortisol levels from the two time points (morning and evening) were without signifi cant differences between groups, although there was tendency for higher levels of salivary cortisol in the MetS group ( Table 1) .
MRI DATA ANALYSIS -DIFFERENCES BETWEEN THE GROUPS
The whole brain analysis was performed with the QDEC module, in order to search for differences between the two groups. After explorative analysis several clusters showed signifi cant differences between the groups. For the left hemisphere clusters with reduced cortical thickness in MetS group were found in the entorhinal, inferior temporal and middle temporal and superiorfrontal regions. The clusters with increased thickness for MetS groups were found in superior frontal and middle temporal area. For the left hemisphere reduced cortical thickness was found in clusters in inferior temporal and superior temporal, while increased thickness was found in superior frontal and rostral middle frontal areas. After multiple comparisons procedure with MonteCarlo simulation there were no signifi cant areas. Additionally we compared thickness between the two groups in the preselected ROIs. Again, there were no signifi cant differences between the two groups.
CORRELATION BETWEEN METS COMPONENTS AND CORTI-CAL THICKNESS
The whole brain analysis showed signifi cant associations with several brain areas in both hemispheres only when waist circumference (WC) was used as a predictor. After Monte-Carlo simulation, the WC was in negative association with rostro-lateral area in frontal lobe, with its maximum signifi cant vertex located in rostral middle frontal gyrus, extending to caudal middle frontal cortex and frontal pole (Fig. 1A) . For the right hemisphere an area, with maximum signifi cant vertex at pars orbitalis, extending to lateral orbito-frontal cortex was negatively associated with WC (Fig. 1B) .
A partial correlation analysis was performed, testing the correlation between WC and cortical thickness in preselected ROIs, using gender as a covariate. A negative correlation was found for several ROIs for left hemisphere: superior frontal (Rpc=-0.422, p=0.035), rostral middle frontal (Rpc=-0.463, p=0.020. lateral orbitofrontal (Rpc=-0.506, p=0.010), frontal pole (Rpc=-0.596, p=0.002) and fusiform gyrus (Rpc=-0.469, p=0.018). A borderline negative signifi cance was found for waist and entorhinal cortical thickness and for left MTL. 
DISCUSSION
The studies which investigate the cortical thickness in MetS are signifi cantly less than those investigating diabetic patients. The recent study of McIntosh et al., which includes middle aged MetS patients found cortical atrophy limited in MTL. 16 In that study the patients with MetS had signifi cantly higher BMI compared with our MetS patients. It is known that obesity is associated with brain atrophic changes. According to Veit et al, higher BMI and increased visceral adipose tissue are related to atrophy in left temporal cortex (fusiform gyrus, insula, inferior temporal cortex). 18 It was also found that when type 2 diabetes is coupled with obesity cortical atrophy is more severe, when compared with normal weight diabetic controls. 19 The individual components of MetS were reported as factors for brain atrophic changes. Kaur et al. found reduced cortical thickness in the caudal frontal cortex. The localized cortical atrophy was in negative correlation with the number of MetS components and it is mediated by increased levels of infl ammatory cytokines (IL-2). 20 We found reduced cortical thickness in medial temporal lobe (entorhinal cortex) in the MetS group (although nonsignifi cant after Monte-Carlo simulation) in our study. We also found that WC negatively correlated with frontal lobe areas and temporal lobe. WC is associated with the level of infl ammation and insulin resistance, which most likely mediated the effect of the obesity on the cortical thinning. 21, 22 Our control subjects have one or two MetS components. This could be the reason why we couldn't fi nd any signifi cant differences in cortical thickness between groups. Despite that, WC was repeatedly found in number of studies to be associated with localized thinning in frontal and temporal cortical areas. 18, 23, 24 Studies in Cushing syndrome revealed atrophy of the caudal cingulate gyrus that were not completely resolved, even after disease remission. 25 In their study, Stomby et al. found atrophic changes in caudal cingulate gyrus associated with higher cortisol levels in healthy men and women. 8 The latter didn't account obesity as it was done in our study. Nonetheless, our results confi rmed that higher cortisol correlates with thinner caudal anterior cingulate cortex (with borderline signifi cance in our study) after accounting for visceral adiposity (WC). We also found that higher morning cortisol levels negatively correlated with cortical thickness in left entorhinal cortex and the averaged left MTL thickness. Higher WC is related to higher levels of infl ammation, worse metabolic profi les and more pronounced MetS. Cortisol levels are also dependent on visceral adipose tissue functioning, and according to Ursache et al., BMI mediated the association of HPA-axis on the brain. 26 In MetS there are many metabolic disturbances that disrupt steroid-hormone regulation and which could explain higher cortisol levels. 5, 27 
CONCLUSIONS
This pilot study showed that WC is a reliable and easy-to-obtain measure that could be linked with brain atrophic changes. Our fi nding that cortisol levels negatively correlates with thinning of the cortex in temporal lobe should be taken with caution and further explored in future studies.
